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Abstract— The latest wireless technology requires low cost
trans-receive system, which fulfills the higher transmission
and reception speed with reliable communication. A two
element compact MIMO antenna is designed and simulated
in CST tool. The traditional full rectangular MIMO antenna
is compared with slotted ground patch. The antenna is
designed to operate in a 4.6 GHz with the optimum value of
the envelop correlation coefficient (ECC) and voltage
standing wave ration (VSWR). The mutual coupling effects
can be minimized by increasing the length of feed line and
ground slots. The size 38 x 61 mm?® is considered for
designing of single patch antenna. The obtained isolation is
more than 13 dB by using ground slot in proposed MIMO
design. The performances in terms of E and H component of
Far-field, ECC and diversity gain have been also reported.
The directivity, gain, VSWR and ECC of proposed antenna
are 6.5 dBi, 1 dBi, 1.1 and < 0.01 respectively. The results of
rectangular patch antenna with full ground and slotted
ground are presented and reported.
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I. INTRODUCTION

In modern days popularity of new services and
function for mobile equipment has been increased.
These new function and services need a higher data
rate to work efficiently. Nowadays mobiles are
coming with various facilities like GPS, Wi-Fi,
Bluetooth and infrared etc. Few paper worked on
wideband small size antenna with co-planer feed
arrangement in orthogonal manner [1]. Some
researchers discussed the concept of reconfigurable
antenna for WLAN application [2]. The author
discussed four port microstrip square ring patch
MIMO antenna resonates at 2.4 GHz ISM band.
Complementary split ring resonator loaded on its
ground to improve the isolation of 22 dB and
complementary split ring resonator reduces
coupling about 6.5 dB between radiating elements
in the reported design [3]. Some author discussed
about two elements MIMO for UWB application. In
this the radiator are arranged perpendicular to each
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other and gives isolation of more than or equal to 20
dB [4]. A UWB radiator with dual polarization
diversity shows bandwidth varies 2.7 GHz to 10.9
GHz. By etching U-shaped slot on each antenna
band notch is achieved from 5.1 GHz to 5.9 GHz
band. The design achieves UWB orthogonal
polarization. The isolation of reported design is 25
dB and radiation pattern for each port is a quasi
omni-directional radiation pattern [5]. The four
element antenna can be used for portable wireless
UWB application. Some slot antenna placed in
asymmetrical manner to achieve the higher
bandwidth and good radiation properties. The
isolation was achieved up to 22 dB without using
any decoupling element or network [6]. The pattern
diversity based MIMO antenna is also presented
using capacitor [7]. The MIMO antenna with
polarization diversity designed at 1.85 GHz. This
design reduces ECC and increases isolation. The
diversity gain is improved from 9.90 dBi to 10.0
dBi with reported technique [8]. The size
minimization is achieved by the coplanar strip fed
technique [9]. A compact octagonal shaped antenna
Koch fractal geometry is proposed to achieve the
wide band phenomenon and to minimize the size
[10]. The 16 element MIMO system reported for
multiband operations [11]. Author discussed a
dielectric resonator antenna for LTE Band. The two
feed and simple rectangular antenna used to achieve
better isolation [12]. Slim disk-shaped MIMO
antenna system [13], a slot resonator [14] and ring
shaped radiator [15] are reported for wireless
application with enhanced isolation characteristics.
Some printed polarization diversity based MIMO
antenna [16] and metamaterial based structure [17]
is discussed to enhance the isolation. The antenna
for mobile application [18] and antenna with
coupling element [19] gives better isolation value.
Apart from this some cavity backed MIMO antenna
reported for 5.2 GHz application. Some antenna
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achieved the isolation of -15 dB [20]. Few
researchers gave diversity antenna to cover WiMax
band [21].

Il. ANTENNA DESIGN GEOMETRY

Design Parameters- Here the design parameter for
single patch is calculated. A patch antenna is
operates at 4.6 GHz. The first step is to calculate the
length and width of the patch antenna. These can be
determined using the following equations-

For Width,

From equation (1)
W j—

€r+1
2

21,

For Length,

First calculate the effective dielectric constant from
equation (2),

er+1
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For the extended incremental length from equation
@),

AL = 0.412 (ereff+.3)(¥+0.264—)

w
(Ereff—-258)(37+0.8)

The effective length can be calculated using the
equation (4) below,

The presented design is discussed in figure 1 and
2. The complete antenna system formed of two
MIMO elements printed on common FR4
substrate which has a 1.524 mm thick and a
compact size of 38 x 61 mm? A traditional
rectangular patch is selected for radiator and
simple feed with 50 ohm.
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(b)
Figure 1. Proposed rectangular MIMO radiator (a)
Two element patch antenna (b) Ground of antenna.

(b)
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Figure 2. Proposed MIMO antenna with PE and
Slotted ground (a) Patch (b) Ground.

Table 1: Optimized antenna parameter of proposed
MIMO antenna

Parameter | Dimension Size (mm)
Antenna | GW x GL x GH 38 x61x0.07
Ground

Substrate | SW x SL x SH 38x61 x1.524
Patch PW x PL x PH 37.3x28 x0.07
Feed FW x FL x FH 2.98x15x0.07
Feed 1 FW1x FL1x FH1 | 1.1x17.4x0.07

Il. MIMO  ANTENNA SIMULATION

RESULTS

The proposed geometry is simulated using tool
CST. The antenna also optimized with the given
tool. The antenna resonates at 4.7 GHz. The
traditional rectangular patch is compared with
slotted one. The figure 3(a) and 3 (b) discussed the
results of both cases separately. The proposed
antenna has return loss of -39 dB at 4.7 GHz with
isolation greater than 10 dB in defined frequency
band. The slotted arrangement with parasitic
element has -22 dB return loss at same resonating
frequency with isolation of greater than 13 dB in
whole band.

SYSTEM-

Isolation Characteristic-

S-Parameters [Magnitude in dB]
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S-Parameters [Magnitude in dB]
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Figure 3. S-parameter of proposed MIMO antenna
(@) Simple rectangular (b) With parasitic element
(PE) and slotted ground.

Bandwidth characteristic-

The bandwidth of proposed simple rectangular
microstrip patch antenna and antenna with parasitic
element (PE) and slotted ground is presented in
figure 4 (a) and 4 (b) The proposed simple
rectangular antenna bandwidth is 300 MHz and
bandwidth of slotted ground is 221 MHz.
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Figure 4. Bandwidth of designed antenna (a) Simple
rectangular (b) With PE and slotted ground.
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Far Field Radiation Patterns-

The normalized far-field in terms of E/H plane of 2-
element are measured at 4.7 GHz resonant
frequency. For 2-elements antenna, the simulated
far field E and H-planes is described using Eq and
Hy components. The directivity and gain of
proposed design is presented in figure 5 and 6
respectively.
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Figure 5. Directivity (a) Simple rectangular
(b) With PE and slotted ground
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(b)
Figure 6. Gain (a) Simple rectangular (b)
With PE and slotted ground.

The figure 7 given the polar plot of E-Field
radiation pattern. The E field for the antenna 1 is
10.1 dBV/m, while the slotted ground antenna has
maximum field is 11.1 dBV/m. The H-Field polar
plot shows in figure 8. The maximum field of 36.2
dBA/m and 36.0 dBA/m are obtained for
rectangular and slotted ground antenna respectively.

Farfek] £-Feki(r=1m) Abs (Phi=0)

—— farfield (1=4.68) [1]

Frequency = 468
180 Man kobe magntude = 10.1 dBVjm
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—— forfed (F=4.7) [1]

Frequency = 4.7
Man lobe magntude = 11.1 d8V/m
Main lobe drecton = 168.0 deg.
Anguiar width (3 8 = 60.5 deg.

Theta / Degree vs. dBY/m

(b)
Figure 7. E-field of proposed MIMO antenna (a)
Simple rectangular (b) With PE and slotted ground.
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Farfield H-Field(r=1m) Abs (Phi=90)

—— farfeld (f=4.68) [1]
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Anquiar with (3 dB) =  82.7 deg.
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Figure 8. H-field of MIMO antenna (a) Simple
rectangular (b) With PE and slotted ground.

Envelope Correlation Coefficient-

The ECC is described in figure 9. From the Figure
9, it is clear that ECC for proposed structure is less
than 0.01 and ECC of MIMO antenna with PE and
slotted ground is less than 0.002.
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Figure 9. ECC (a) Rectangular patch (b) With PE
and slotted ground

Voltage Standing Wave Ratio-

Vaoltage Standing Wave Ratio (VSWR)
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Figure 10. VSWR (a) Rectangular antenna (b) With
PE and slotted ground.

VSWR represents reflected value from the antenna
port. The ideal value of VSWR is 1 and it ranges
from 1< VSWR < oo. The figure 10 shows the
VSWR results and it is 1.1 at resonant frequency.
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Surface Current-

The surface current distribution on antenna patch is
presented. Surface current presents an analytical
view of how much and how current flows in the
antenna? It is also present direction of flow of
current. The effect of distribution of surface current
on patches can be seen when ports 1 is powered and
other ports are terminated to 50<2 line.

226+

(b)
Figure 11. SCD simple rectangular (a) port-1
energized (b) Port-2 energized.

318
280

232
1744

145:
116

it
it
!
!
27
27
Ll
i

(a)

ISSN 2581-8678, Vol. 1 Issue 1, Dec 2018

(b)
Figure 12. SCD (a) With PE and slotted-ground port
1 energized (b) port 2 is enargized.

The figure 11, and 12, shows current value on the
surface of the antenna. It is shows more effect of
current value in simple design antenna and a low
amount of surface current can be seen in antenna
design using PE.

IV. CONCLUSION

A compact 2X1 MIMO antenna is designed with
rectangular geometry of full ground and slotted
ground for wireless applications. The proposed
MIMO antenna results are compared for full and
slotted ground. The coupling among the radiator is
minimizes by arrangement of slotted ground. The
measured frequency bands cover the 4.57 GHz to
4.87 GHz frequency band with VSWR is less than
1.1. The overall size of the design is 38 x 61 mm?.
The obtained results show the good performance of
antenna in given band. The isolation is found more
than 13 dB. The simulated gain at 4.6 GHz is
greater than 0.9 dB for each antenna. The ECC is
found very low at resonant frequencies. The
proposed MIMO geometry is suitable for wideband
application. The adding slot in ground plane
increases isolation performance of MIMO antenna.

REFERENCES

[1] Sager Al Ja’afreh, Yi Huang, Lei Xing
“Low profile and wideband planar
inverted-F antenna with polarisation
and pattern diversities” IET Microw.
Antennas Propag., Vol. 10, Iss. 2, pp.
152-161, 2016.

[2] Saber Soltani, Parisa Lotfi, and Ross D.
Murch, “ A Port and Frequency



26

Engineering and Technology Journal for Research and Innovation,

Reconfigurable MIMO Slot Antenna
for  WLAN  Applications” IEEE
TRANSACTIONS ON ANTENNAS
AND PROPAGATION, VOL. 64, NO.
4, APRIL 2016

[3] Anitha Ramachandran, and Vasudevan
Kesavath, “A  Four-Port MIMO
Antenna Using Concentric Square-Ring
Patches Loaded With CSRR for High
Isolation” IEEE ANTENNAS AND
WIRELESS PROPAGATION
LETTERS, VOL. 15, 2016

[4] Syeda Irum Jafri, Rashid Saleem,
Muhammad Farhan Shafique, Anthony
Keith Brown, “Compact reconfigurable
multiple-inputmultiple-output  antenna
for ultra wideband applications” IET
Microw. Antennas Propag., Vol. 10,
Iss. 4, pp. 413-419, 2016.

[5] Beegum S. Femina and Sanjeev K.
Mishra “Compact WLAN Band-
notched Printed Ultrawideband MIMO
Antenna with Polarization Diversity”
Progress In Electromagnetics Research
C, Vol. 61, 149-159, 2016

[6] Gunjan  Srivastava and Akhilesh
Mohan, “Compact MIMO Slot Antenna
for UWB  Applications” IEEE
ANTENNAS AND  WIRELESS
PROPAGATION LETTERS, VOL. 15,
2016.

[71J. Malik, D. Nagpal and M.V.
Kartikeyan, “MIMO antenna with
omnidirectional  pattern  Diversity”
ELECTRONICS LETTERS 21% Vol.
52 No. 2 pp. 102-104, 2016.

[8] Aswathy K. Sarma, Henridass Arun,
Malathi Kanagasabai, Sangeetha Velan,
Chinnambeti Raviteja, M. Gulam Nabi
Alsath “Polarisation diverse multiple
input-multiple output antenna with
enhanced i1solation” IET Microwaves,
Antennas & Propagation, vol 9, pp
1267-1273, 2015.

[9] Jing-Yi Zhang, Fan Zhang, Wen-Peng
Tian and Yong-Lun Luo, “ACS-fed
UWB-MIMO antenna with shared
Radiator” ELECTRONICS LETTERS

ISSN 2581-8678, Vol. 1 Issue 1, Dec 2018

20th August 2015 Vol. 51 No. 17 pp.
1301-1302, 2015.

[10]Shrivishal TripaAkhilesh Mohan and
Sandeep Yadav, “A Compact Koch
Fractal UWB MIMO Antenna With
WLAN Band-Rejection” IEEE
Antennas And Wireless Propagation
Letters, Vol. 14, 2015.

[11]Sultan ~ Shoaib, Imran  Shoaib,
Nosherwan Shoaib, Xiaodong Chen and
C.G. Parini, “A 4x4 MIMO Antenna
System for Mobile Tablets” The 8th
European Conference on Antennas and
Propagation (EuCAP 2014), 2014.

[12] Jamal Nasir, Mohd Haizal Jamaluddin,
Mohsen Khalily, Muhamad Ramlee
Kamarudin, Irfan Ullah, “Design of an
MIMO Dielectric Resonator Antenna
for 4G Applications” Wireless Pers
Communication, vol. 88, pp. 525-536,
2016.

[13]Han Wang, Longsheng Liu, Zhijun
Zhang, YueLi, Member and Zhenghe
Feng, “Ultra Compact Three-Port
MIMO Antenna With High Isolation
and Directional Radiation Patterns”
IEEE ANTENNAS AND WIRELESS
PROPAGATION LETTERS, VOL. 13,
2014.

[14]Jie Lu, Zhengi Kuai, Xiaowei Zhu, and
Nianzu Zhang, “A High-Isolation Dual-
Polarization Microstrip Patch Antenna
With  Quasi-Cross-Shaped Coupling
Slot” IEEE Transactions On Antennas
And Propagation, Vol. 59, No. 7, July
2011.

[15]H. Li, J. Xiong, Z. Ying and S.L. He
“Compact and low profile co-located
MIMO  antenna  structure  with
polarisation diversity and high port
isolation” Electronics Letters 21st
January 2010 Vol. 46 No. 2, 2010.

[16]N. S. Awang Da, M. R. Dzulki°i, and
M. R. Kamarudin “Polarization
Diversity Monopole Antenna” PIERS
Proceedings, Cambridge, USA, July 8,
2010.

[17]Atif Jamill, Mohd Zuki YUSOffl,
Noorhana Yahya, “Current Issues and



27 Engineering and Technology Journal for Research and Innovation,
ISSN 2581-8678, Vol. 1 Issue 1, Dec 2018

Challenges ofMIMO Antenna
Designs”, International Conference on
Intelligent and Advanced Systems, Feb
2011.

[18]Arogyaswami J. Paulraj Dhananjay A.
Gore, Rohit U. Nabar, And Helmut
Bolcskei, “An Overview of MIMO
Communications—A Key to Gigabit
Wireless” Proceedings Of The IEEE,
VOL. 92, No. 2, February 2004.

[19]K. Chung and J.H. Yoon. “Integrated
MIMO antenna with high isolation
characteristic” ELECTRONICS
LETTERS, Vol. 43 No. 4, 2007.

[20]Sema Dumanli, Chris J. Railton, and
Dominique L. Paul, “A Slot Antenna
Array With Low Mutual Coupling for
Use on Small Mobile Terminals” IEEE
Transactions On  Antennas  And
Propagation, Vol. 59, No. 5, May 2011.

[21] Belgacem Aouadi and Jamel Belhad]
Tahar, “Improved antenna diversity
system Dby low correlation between
elements exploiting Single-Negative
Metamaterials”  24th  International
Conference on Microelectronics (ICM),
2012.


https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5710536
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5710536

